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WATKK  yi'AUTY  RKSKAKCH, 

by  J.  /,.  Grace,  Jr. 

Hydraulics  l-atu  >ran  >ry 

l'3't'ective  planning,  design,  and  management  ol 
man-made  lakes  lor  optimum  utilisation  of  water  involve, 
among  other  factors,  the  problems  of  predicting, 
monitoring,  and  controlling  the  physical,  chemical,  and 
biological  i|uality  of  impounded  waters  and  releases 
through  spillways,  powerhouses,  and  outlet  works. 

During  1‘766,  the  Corps  of  lingineers  initiated 
laboratory  research  at  the  Waterways  li.xperiment  Station 
(WHS)  to  determine  the  characteristics  of  withdrawal  zones 
resulting  from  release  of  Hows  through  orifices  and  over 
weirs  from  randomly  stratified  lakes.  It  was  considered  that 
any  practical  method  for  predicting  the  quality  of  water 
di.scharged  through  an  outlet  .should  be  ba.sed  on  the  extent 
of  the  zone  of  withdrawal  and  the  distribution  r>f  velocities 
and  flow  therein.  Tlten,  if  the  vertical  distribution  of  one 
or  more  water  quality  parameters  is  known  from  actual 
monitoring  of  the  reservoir  upstream  of  the  regulating 
structures,  the  resulting  value  of  each  parameter  in  the 
release  could  be  computed  by  means  of  a simple  weighted 
average  of  the  known  parameters  and  the  predicted 
distribution  of  fiow.  The  results  of  completed  and  current 
generalized  research  and  specific  project  studies  are 
summarized  herein  to  indicate  the  present  state-of-the-art 
relative  to  physical  and  mathematical  simulations  of 
reservoir  water  quality.  Hfforts  to  be  initiated  in  the 
immediate  future  are  mentioned  to  indicate  the  improved 
and  additional  techniques  anticipated  within  a few  years. 

Results  of  completed  physical  simulations  and 
analyses  for  describing  both  the  vertical  extent  and 
distribution  of  flow  within  a zone  of  withdrawal  from  a 
randomly  stratified  reservoir  are  available  for  predicting  the 
selective  withdrawal  characteristics  of  single  or  multiple 


orifices  as  well  as  those  of  tree  or  submerged  weirs.  In 
addition,  a computer  program  entitled  "SI  LHCT"  has  been 
developed  and  is  available  foi  both  batch  and  time-sharing 
modes  of  analyzing  simultaneous  multiple  outlet  operations 
involving  as  many  as  six  outlets;  the  top  outlet  may  be 
a free  or  submerged  weir,  if  required.  Iliese  generalized 
results  and  the  computer  program  are  recommended  for 
application  to  determine  the  actual  scheme  of  operating 
or  managing  a given  project  structure  to  obtain  desired 
downstream  objectives.  They  also  have  been  incorporated 
to  refine  certain  available  mathematical  simulations  for 
predicting  and  controlling  budgets  of  both  physical  and 
conservative  chemical  constituents  within,  as  well  as 
downstream  of,  reservoirs. 

Tlie  results  of  generalized  physical  simulations 
conducted  for  and  reported  in  Research  and  Development 
Progress  Report  No.  714  of  the  Office  of  .Saline  Water. 
U.  S.  Department  of  Interior  (available  from  the  U.  S, 
Government  Printing  Office),  merit  mention  relative  to  the 
general  subject  of  the  mechanics  of  density-stratified  (low 
and  specifically  to  the  management  of  relatively  dense 
waste  waters  discharged  into  a (lowing  ambient  stream.  The 
report  reveals  that  a multiport  diffuser  yields  two  to  five 
times  greater  initial  dilution  than  a simple  pipe  outfall,  and 
also  presents  dimensionless  means  of  predicting  the 
three-dimensional  geometry  of  the  resulting  plume  and 
maximum  concentrations  of  physical  and  conservative 
chemical  constituents  in  both  the  neat  and  fai  field. 
Numerical  simulation  and  design  considerations  of  outlall 
systems  for  desalination  plants  have  been  developed  by  the 
Dow  Chemical  Company  and  Texas  A&M  University  based 
on  these  generalized  retaills.  It  is  recommended  that  similar 
applications  be  made  for  analysis,  design,  and  management 
of  environmentally  acceptable  systems  (oi  disposal  of  dense 
waste  waters. 

Since  it  is  impossible  to  accuiately  distinguish  ot 
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I'toilk'l  llio  .icliial  M'ltkliu’  \slllKliawal  diaiaclci istics  ol 
piii|ccls  mviilwnp  i.i)mplii.ali'il  hoiiiikMik’s  ol  approai.li  and 
inlakc  slmcluK'  di'Maii,  a miinhcr  ol  Npccilii.'  pioji-ci 
sltuclnros  have  hoen  iMvesInaaled  since  Some  ol  the 

most  inteieslini;  lesnlls  ol  these  studies  are  brielly 
snnnnari/ed  as  lollows.  The  simlv  ol  Meraniee  I’ark 
Reservoir  and  Onllel  Works  indteated  that  tlf  inteilace 
hetween  the  epilnninon  and  hypohmnion  waters  ol  a 
siralilied  reservoir  is  elevaleil  and  lowered,  respeelively . 
along  the  inner  and  outer  poitions  ol  a curved  approach 
channel  and  that  considerable  ini\ing  ol  these  wateis  may 
occur  due  to  shear  geneiated  along  the  interlace  m a naiiow 
channel.  Model  simly  of  the  submerged  water  i|nality  weii 
proposed  upstream  of  the  ( larence  Cannon  Dam  spillway 
aikl  pnm|)ed  storage  power  generating  facilities  dig.  1) 
indicated  that  a considerable  length  ol  wen  localerl  an 
appreciable  distance  iipstteani  of  the  main  d;mi  was 
rei|tiireil  lo  permit  release  of  only  epilinmelic  water  rhiring 
perioils  of  generation  and  lo  prevent  destratification  ol  the 
reservoir  during  piimpback  operations.  Stiuly  of  the  watei 
iliiality  towel  ptoposeil  for  Rowlesbnrg  Dam  indicated  that 
the  close  proximity  of  the  tower  to  the  left  abnlment 
caused  considerable  coiilraclion  of  How  approaching  the 
spillway  and  that  a submerged  slot  or  relatively  wiile  orifice 
of  linirted  height  was  more  e/Teclive  Ilian  a Iree  wen  in 
releasing  epilimnetic  waiter  of  the  i.|nantity  desired.  Sliidv 
of  the  multilevel  intake  stnicture  proposed  for  lake  New 
Hope  indicated  that  an  inlet  located  on  the  upstream  face 
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of  Ihe  structure  would  peiniit  releases  a(’pioxmiaiely 
double  those  peimitted  through  a side  lace  inlet  located 
close  to  the  embankmeiit  without  initiating  withdrawal  ol 
hy pohiniuou  wateis.  Investigations  of  the  low-llow  watci 
ciuahty  conduits  of  Helt/ville  and  fort  Scott  Outlet  Woiks 
indicated  llial  the  regulation  gale  slioiihl  be  locaieil 
dowiislieam  of  the  eniiy  and  normal  lo  the  coiidiiil  and 
that  onlv  open  channel  Ilow  should  he  I'einiitieil 
dowiislieam  of  the  legulaling  gale  by  providing  appiopnate 
ait  vents  aiul  eilhei  a loof  offset  in  the  conduit  oi  a 
lestiiclion  of  the  gale  opentug  to  pieveiil  severe  leduced 
piessuies  aiul  the  likelihood  for  cavitation  damage. 

A specific  projecl  study  has  just  hecii  coinplelerl  at 
Wl  S to  develop  a mathematical  model  foi  simulation  ol 
teniperatiues  and  inibidilies  observed  in  the  existing  Hills 
Cieek  Rcseivoii  and  m legiil.iled  leleases  iherelioni,  as  well 
as  foi  preiliclion.  ev.ihialion,  .iiid  ilesien  ol  the  proposed 
lost  (leek  Reseivoii  aiul  Multilevel  Outlet  Works  Hie 
uialhem.ilical  iiuulel  leinieil  "W  l S I I \ " is  available  iii  both 
batch  and  tinie-shainig  iiioiles  aiul  may  lie  use rl  loi  aiialvsis 
of  holh  physical  and  conseivalive  chemical 
consiiiueiils.  Hie  effect  ol  vaiioiis  geonieltic  ilesigiis  and 
opeialioiial  schemes  ol  the  lesetvoii  and  legiil.ilmg 
sliiiclme  on  these  coiisliliienls  inav  also  be  analv/erl  and 
revisi'd  as  needed  lo  eiisiiic  thal  desiuul  obiectives  mav  be 
obl.nneil. 

Hie  cuiientiv  active  plivsual  simiilalion  ol  the 
pioposeil  Heech  I oik  Keseivou  .iiul  Outlet  Works  at  Wl  S 
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(III’,.  IS  sfiui'iiioil  \Mlli  mu'slii'alum  ul  iloiisils  aiiii'iils  similai  lo  llinso  ai.iilal'lo  lot  tlcsii iliiiii’  imillow  as  lU’ll  as 

mllilii  iIk'  u'srunii  aiul  voiirkalioii  ul  llio  solik  livi'  llu'  uu'iall  li\ iliuils  iiaiiiKs  ul  slialilu'vl  laki’s  aiul  iiu’is 

willuliawal  Ji.iiailciislks  ul  l\su  alk'maliM'  luialiuiisul  1.  Mi'lliiuls  ul  I iihaik ini’.  Walii  (,)iialil\  m laki’s 

llu-  nmllili’M’l  iiilako  siiikliiii’  (li;.'  <)  ami  Kim-is— lu  plivskalli  sinmlak’  ami  ovaliiak'  luiiiaiilk' 

('mii'iilK  ai  livo  I’cm’iali/i'il  losi'aiih  in  I’Msiiiip  \\  I S iik’aiis  lui  pailial  ami  lulal  lU’slialilkaliun  ul  u'si’ivuiis  ami 

l.killtk's  IS  lUiki’Mk’il  mill  llu-  lulluMiii!'  siih|iils  ami  lui  iikliklili;  i liililalluii  lu  iikii’asi’  ilk’  Mask’  assiiiiilallM’ 

uh|i’iiiM’s  lapaiili  ul  sliipi'isli  slii’aiiis,  ami  lu  ilovi’lup  iiiallii’iiialkal 

I Mi’iliaiiks  ul  Di’iisils  Slialilk'il  I luii  in  laki’s  iiii’aiis  lui  aiiaKsis.  plan,  ili’skiii,  ami  upi’ialiuii  ul  I’lk’iliii’ 

ami  Kim’is  lu  pli\siiall\  snmilak’  .iml  ili’n’lup  sisk’iiis.  .Sniiilai  I’lluils  will  Iv  ili’iuk’il  lu  ili’M’lupiiii’ 
iiiallii’iii.ilk.il  iiii’.itis  ul  ili’siiil’iii!'  nilluw  i li.iiai  k’lisiii  s I’lli’ilivi’  moans  lui  ai’ialiuii  ul  anai’iuhk  liv  pulniiiiiuiis  anil 
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low  IX)  readies  of'  rivers  ami  to  general  sliuiy  oi  reaeralion 
eliaraeieristies  of  spillways  aiul  oullet  works. 

3.  Water  Oiialily  Intake  Stmetures— to  investigate 
ami  describe  selective  withdrawal  characteristics  of  oritices 
and  slots  in  sloping  and  horizon tal  planes,  and  the 
nieehanics  of  densit)-stratilied  How  in  maniloids. 

4.  Prediction  and  {’onliol  of  Water  Onalily  in  laikes 
and  Rivers— to  assess  available  techniques  and  develop 
refined  appropriate  mathematical  means  for  simulating, 
analyzing,  designing,  and  managing  one  or  a .system  ol 
multipurpose  watei  resource  projects  to  achieve  desired 
environmental  objectives. 

5.  Field  Review  of  Water  Oualily  i'roblem,s— to 
eschange  information  between  reseaich  and  other 
personnel  for  identification  of  water  quality  problems 
existing  in  the  field  and  the  ncvds  of  various  offices  .so 
that  research  and  development  activities  can  he  directed 
to  appropriate  and  timely  solutions. 

Construction  of  a new  building  is  to  be  completed 
at  Wl’S  this  FY  which  will  liouse  facilities  to  be  installed 
during  FY  74  for  future  investigations  that  will  permit 
physical  simulation  and  study  of  meteorological, 
hydrological,  operational,  pliysical,  chemical,  and  biological 
characteristics  on  a typical  unsteady  and  varied  basis. 
Obviously,  as  additional  and  new  knowledge  ami 
understanding  of  the  various  physical,  chemical,  and 
biological  phenomena  are  obtained  from  the  current  and 
future  research  findings.  ap|iropriate  development  of  IxMier 
and  new  mathematical  simulations  will  follow  to  provide 
ready  and  adeijuate  analysis,  plan,  design,  and  management 
of  environmentally  compatible  projects  to  achieve 
improved  social  and  economic  benefits  and  at  least 
maintain  and  hopelully  improve  our  present  standard  of 
living  in  the  flnited  .States. 
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Wave  Transmission  Tlmiugli  Rock  Sttuclurcs.  by  ti.  II.  kculcjuin. 
Research  Rc|>ori  1I-7.V1.  Teb  197.). 

Mohiliiy  and  hmironminta!  Systems  l.ahorainrv 

Own  r.cologic  I.IYeclsot'  l-jecla  from  Nuclear  !■  scavaiitm,  I'rrrpitscd 
Inlcroceanic  Canal  Route  25,  by  k.  f.  Addor  and  II.  II,  Allen. 
Miscellaneous  Paper  M-72-9,  Dec  1973. 

Soils  and  I’atrmcnis  l.ahoralory: 

Slatc-ivl-lhe-Art  of  Marine  Soil  Mechanics  and  foundation 
I nitincerin.i:.  no  author  listed,  lechnical  Report  S-72-11,  Aug  1972. 

W'eainms  Ffjccls  l.ahoratorf^ 

Protection  of  POT  Stora.ee  1 acilities.  Proposed  Tspedienl 
I'ndcreround  Storage  I acility,  by  T.  Miller,  f.  W.  Skinner,  Jr.,  and 
( . T.  Stewart,  Miscellaneous  Paper  N-73-1,  Jan  1973. 

/■v/i/os/ir  l-.xcaration  Research  l.ahoralory: 

Protect  Tugboat;  I splosive  Tscavation  of  a Harbor  in  (’oral,  by 
W Day,  Technical  Report  T-72-23.  feb  1972. 

Tstimaling  Water-Shock-Induced  Airblasl  from  Detonations  in  a 
Medium  Overlain  with  Water,  by  ('.  M.  Snell,  Technical  Report 
1-72-16,  Apr  1972. 


I ngineeriny  and  Seieniijie  Research  at  It'A.V  is  i>ublished  by 
the  Waterways  I vi'crimcnl  Station  (WTS).  Vicksburg.  Mississippi, 
to  aci|iiainl  U.  S.  Oowrnmcnl  agencies  and  the  research  cornmutiiiy 
in  general  w ith  the  many-faceted  ty|X's  of  engineering  and  scientific 
activities  currently  Ix’ing  conducted  at  WI  S.  Inquiries  with  regard 
to  any  of  the  reported  sivcific  sutijecls  will  lie  welcomed,  and 
should  be  addressed  to  respective  authors,  U.  S.  Army  Tnginecr 
Waterways  Txperiment  Station,  P.  O.  Ifox  631.  Vicksburg, 
Mississippi  39|(tO. 
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